INTRODUCTION

Norway, Finland and Sweden have been in the leading edge in the deregulation of the power market. In Norway the deregulation process started in 1991, in Finland in 1995 and in Sweden in 1996, respectively. Electricity distribution has remained as natural monopoly in deregulated power market, which means supervision of distribution companies by the national market authority. Quality of supply is part of the regulation models and in the first phase the quality of supply has often been depicted with interruption time. This has led to a need for more versatile and reliable interruption statistics and in the future even more detailed supply quality data (e.g. voltage quality) will be used for regulation purposes.
Power quality comprises of voltage quality and continuity of supply. In most cases, continuity of supply is the most important factor to define power quality. Continuity of supply is characterised with the number and duration of interruptions. It can be depicted with various indices, for example T-SAIDI and T-SAIFI, which have been used in
INTERRUPTION STATISTICS AND THEIR USE IN FINLAND
Regulation purposes
According to the Energy Market Act, the distribution companies have to report some key figures depicting the distribution network business to the Finnish Energy Market Authority. These figures include also continuity of supply data, i.e. T-SAIFI (the average number of interruptions; number / secondary substation) and T-SAIDI (the average duration of interruptions; hours / secondary substation) indices. Formerly the interruption statistics were compiled at the secondary substation level so that, at the very least, only the number of affected secondary substations and customers were recorded corresponding to each interruption duration. For example, the T-SAIDI index was calculated by dividing the total interruption time with the number of secondary substations. Applying the results of this method means practically that all secondary substations are assumed to be equal, i.e. they have same number of equal customers. As a consequence of this, the rural areas and small secondary substations, which have more interruptions than densely populated areas, had too strong weight, especially when the interruption indices are used in the regulation of distribution companies.
The total interruption time of customers has been used as one of the input parameters in DEA-model (Data Envelopment Analysis) for benchmarking of distribution companies. The other parameters are operational costs, network length, distributed energy and number of customers. The Finnish regulation model is discussed in detail e.g. in [4] . With a few years experience it was realised, that the directing effects are not always desired. Because of the features of the DEA-model, there have been about 20 -40 (of 94) distribution companies for which the interruption time has not affected the efficiency at all, and the situation has changed remarkably from year to year. Partly because of this, the Finnish Energy Market Authority has asked the distribution companies to report eight new interruption indices of which six are weighted with the annual energy of each affected secondary In addition to these, the total annual number of unexpected interruptions in low voltage network and total annual number of unexpected interruptions in medium voltage network are reported, but these indices are not energyweighted. Former T-SAIFI and T-SAIDI are also still reported.
New indices are also compiled in the secondary substation level, and the energy-weighted indices do not include lowvoltage network interruptions. But, as an extension to the old statistics, the companies have to know the annual energy, and durations and numbers of interruptions for each secondary substation.
So far the DEA-score of the distribution companies has been used only in a rewarding sense, not in a punitive sense, i.e. if the DEA-score has increased the reasonable return on capital, it has been taken into account in the regulation. For the next regulation period 2005 -2007 DEA-scores are not used, but background data will be collected, and DEA-scores will most probably be used for the following regulation periods. Some studies have also been done to model interruptions as interruption costs in DEA-model. In this case, interruption costs would be added to operational costs, and the parameters in DEA-model would be reduced from five to four. According to example calculations, the directing effects would be better then, and there would be very few companies for which interruptions would not affect the efficiency at all [4] .
Traditionally interruption costs have been used in distribution companies to focus the network investments in the right network areas. To do this, and to model the interruptions as interruption costs in the regulation, adequate interruption cost parameters for different customer groups and interruption types are needed. At present Tampere University of Technology has a project together with Helsinki University of Technology on updating the interruption cost parameters. Previous research is about ten years old, so it is obvious that those parameters are not up-to-date anymore.
On the other hand, according to the Electricity Market Act, the distribution network companies have an obligation to develop their networks. Continuity of supply indices will have a significant meaning in the assessment of the obligation to develop the network. These assessment methods are developed in a project that Tampere and Lappeenranta Universities of Technology are doing together for the Energy Market Authority. The abovementioned energy-weighted indices will be used in the assessment of the obligation to develop the networks as well as for other regulation purposes.
Statistics for the Finnish Electricity Association
Finnish Electricity Association (Sener, from year 2005 Association of Finnish Energy Industries, ET) has been collecting interruption statistics for decades. For the last 30 years the form of collected data and "Interruption Statistics" -publication has remained pretty much the same. Before 2004, the guidelines were last time updated in the beginning of 90's. Since then the guidelines and actual practices in the distribution companies had differed from each other quite much. So, Sener decided to set up a working group to renew the guidelines for interruption statistics to correspond the requirements of the renewing electricity market. The working group has reached its end in the context of the guidelines (although the work will continue with the renovation of "Interruption Statistics" -publication) and the report was published in the end of 2004. The aim of the working group was to define the guidelines for interruption statistics so, that they fill the needs of Sener, distribution companies, their customers and also the regulator. In the future, interruption data will be reported in the interruption sector based format so, that each sector is represented with one row in the database [2] . Usually, when a fault occurs, the whole feeder is first disconnected. After this, power supply may be restored to the healthy parts of the network and only a few customers suffer an interruption that has duration of the actual fault repairing time. These different durations within one interruption form the interruption sectors.
Although the reporting of interruptions for Sener has been voluntary; the coverage of the statistics has been very high, i.e. about 90 % of network lengths or customers. The statistics for Sener has set some kind of minimum level for the accuracy and elaborateness of interruption data, but modern data systems (e.g. network information systems and distribution management systems) are capable of collecting much more detailed data. These data systems are also capable of utilising the interruption data e.g. for network planning purposes. The data systems are already at present collecting all the data needed for the new statistics, so the changes come only to the reporting of these data. For those companies that do not have these kinds of data systems the changes are bigger. The reporting of the new indices may be pretty laborious by hand or self-made Excel-applications, especially in a larger scale, but in a small company these tools may be sufficient. For small companies that do not have the data systems the working
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group on interruption statistics has also developed a simple Interruption Manager application with which the interruption statistics can be compiled so that they fill the requirements of Finnish Energy Market Authority (EMV) and Sener.
INTERRUPTION STATISTICS AND THEIR USE IN BUSINESS REGULATION IN NORWAY
In Norway, the Norwegian Water Resources and Energy Directorate (NVE) has set the rules for the mandatory reporting of interruption data and cost of energy not supplied. Interruptions are reported with a standardised Fault And Supply Interruption Information Tool (FASIT) [7] . FASIT is normally integrated in the Network Information System (NIS), but does also contain customer information transferred from the Customer Information System (CIS). The interruption data includes number of interruptions and interruption durations (divided into notified and non-notified interruptions) that occurred in > 1 kV network and has duration > 3 minutes. FASIT also calculates the Energy Not Supplied (ENS) and the Cost of Energy Not Supplied (CENS) for these interruptions, which is used to assess the quality dependent part of the revenue cap for each network company.
Reporting of faults to EBL Kompetanse (Norwegian Electricity Industry Association) in networks with voltages between 1 and 33 kV is voluntary, still covering 80 % of the network, while it is mandatory to report faults in transmission network with supply voltage above 33 kV to Statnett, Statnett (the Norwegian transmission system operator). The interruption statistics contain mostly continuity of supply data and information about ENS and CENS, while the fault statistics focuses mainly on technical issues. It is only the CENS amount that has a direct affect on the income cap. The other indices have only statistical purposes. The DEA-model used in the network business regulation in Norway does not contain power quality elements.
Quality adjustment of revenue caps
The network companies' revenue caps are quality adjusted in accordance with the customers' interruption costs [5] . CENS is calculated using FASIT. By using standardised load profiles (11 different profiles for household, different types of industry, public service etc.), yearly energy consumption for the affected customers and time and duration of the interruption ENS is estimated for the outage period. CENS is then calculated using specific interruption cost per kWh [6] , depending on type of customer, see Table  1 : An expected value for annual CENS has been calculated for each network company to recognise that no network can be run without interruptions at a socioeconomic optimised cost level. This calculation has been done in a regression model using historical values for ENS caused by the network company and information about the customers that have been affected and their interruption cost.
In 2003 the total CENS in Norway caused by long-lasting interruptions was 66 300 000 EUR. The expected value was 112 000 000 EUR. If this quality improvement is persistent, e.g. due to investments or changes in routines, this will lead to an increased income cap for the network companies. Due to natural fluctuations in CENS (often weather dependent) one has to consider changes for several years before drawing a conclusion.
INTERRUPTION STATISTICS AND THEIR USE IN SWEDEN
There are two different interruption statistics in Sweden.
One is compulsory for all network companies and operated by the Swedish Energy Agency. It includes the average frequency (SAIFI; System Average Interruption Frequency Index) and average duration time (SAIDI; System Average Interruption Duration Index) for both planned and unplanned interruptions over 3 minutes. The data is on customer level, so the low voltage interruptions are also included.
The second is voluntary and operated by Swedenergy, the branch organisation of Swedish electricity industry. It is called DARWin and it includes detailed information about each interruption. The coverage of the statistics is quite good, about 70 % of the customers in 2003, and the goal for 2004 is 90 %. It is also a part of the voluntary agreement with the Swedish government described in [8] .
Most companies use tools for registration within different NIS-systems. The format for the registration and interchange of data is specified by DARWin, which is the system used by Svensk Energi. Small network companies can do the registration manually in Excel. An annual report with a summary of the results is presented.
From year 1998 Swedish Energy Agency has been developing the "Network performance assessment model". With the model the reasonable costs of arranging the electricity distribution can be assessed with a fictive network. The model then estimates the financial value that
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The Swedish Energy Agency also uses the DEA-model but no interruption data are used in the analysis.
CONCLUSIONS
In all the countries presented in this paper very versatile interruption statistics are collected for different purposes.
In all countries the statistics are used for both energy sector's own purposes and for regulation purposes. It is voluntary to send the interruption data for the energy sector's own purposes, but the coverage of the statistics has been very high. There are some differences between countries in these statistics. In Finland the energy sector's own statistics are more focused on actions and faults that cause interruptions to customers. In Norway and Sweden also some more detailed fault statistics (including faults that do not cause customer interruptions) are collected.
Especially in the regulation purposes, the use of the interruption data varies between countries. In Finland the total interruption time has been one of the input parameters in DEA-model, while in Norway the interruption costs are considered through CENS arrangement and in Sweden interruption data is used in the Network Performance Assessment Model. Also the details of the statistics may differ from each other. In Finland at MV level all interruptions are reported, while in Norway and Sweden only > 3 min interruptions are taken into account. In Sweden the statistics include also the LV level, in Finland at LV level only the total number of interruptions is reported and in Norway only MV interruptions are taken into account (see Table 2 ). 
